Poly-4-methyl-1-pentene (PMP) belongs to the class of branched higher polyolefins and was first produced by Natta in 1955 on the Ziegler catalytic system TiCl 3 + Al(C 2 H 5 ) 2 Cl in heptane at atmsopheric pressure. Ziegler produced PMP on the catalytic system TiCl 3 + Al(C 2 H 5 ) 3 [1, 2] . Later, Watt [3] and Reading [4] carried out the polymerisation of methylpentene (MP) on the same catalytic system in heptane at 40°C. Here, a product of high molecular weight was obtained that was unsuitable for processing. Subsequent development of work in the field of the polymerisation of MP made it possible to overcome these difficulties, and PMP became an industrial product [1, 2] . The interest in PMP is due to its combination of useful properties, of particular importance among which are its good fibre-forming properties, unique gas separation characteristics, high heat resistance, and transparency. Currently, PMP is being produced by the companies ICI (USA), British Petroleum (UK), Monecatinu (Italy), Hoechst (Germany), Toyo Royon and Mutsui Petrochemical Industries (Japan), Du Pont (France), and Plastpolimer (St Petersburg, Russia). In spite of the large number of studies devoted to the study of the mechanism of polymerisation of MP, in many ways it remains controversial.
In order to increase their effectiveness and stereospecificity and control the molecular weight of the polymers formed, the modification of Ziegler-Natta catalysts is widely practised. The modifiers of the catalysts are organic bases, Lewis acids, alcohols, certain transition metal compounds, and halogen-containing compounds. It has been shown by a series of researchers that the activity of catalysts is higher when they are modified with electron-donor additives of the amine, phosphite, and ester type [5] [6] [7] . Attempts have been made to modify existing catalytic systems of different kinds with additives in order to achieve specified properties such as increased crystallinity and isotacticity of the products formed.
Special areas of application of gas separation membranes of PMP require an improvement in the quality of articles and an increase in process productivity. To solve these problems, we synthesised, in the presence of modifying liquid organosilicon additives, PMP with properties facilitating its processing, with higher thermooxidative resistance, with improved physicomechanical characteristics, and with membrane properties [8, 9] . Improvements in the given parameters were achieved by using a sufficiently effective method of action on the properties of the polyolefins, namely directed control of the supermolecular structure through the introduction of microadditives. The structural modifying additives used were liquid organosiloxanes: octamethylcyclotetrasiloxane (OMCTS), TU 38-10385-76, and tris-(3-methylsiloxy)phenylsilane (TMSPS), TU 6-02-1233-82. Normally, the introduction of modifying additives with the aim of improving properties and processability is carried out at the stage of granulation and stabilisation of the thermoplastics, or during processing. Such a method does not make it possible to distribute microquantities of modifiers evenly over the entire volume of the material. In the present case, the introduction of a modifying additive was carried out at the stage of polymer synthesis by the following procedure.
The components of the reaction mixture were loaded into a reactor that had been heated to remove moisture, T/28 evacuated, and filled with argon, in the following order: half of the calculated amount of n-heptane, an organoaluminium compound, a catalyst, methylpentene, a modifying additive (organosilicon compound), and the remaining part of the heptane. The catalytic system was microspherical TiCl 3 + Al(C 2 H 5 ) 2 Cl. Loading was carried out in an argon flow. At the end of polymerisation, the reaction medium was treated with isopropyl alcohol with hydrochloric acid in ratios i-C 3 H 7 OH/HCl = 10:1. The material obtained was washed with a solution of ethyl alcohol with heptane, and the volatile products were removed and dried in vacuum at a temperature of 84°C to constant weight. The properties of the PMP obtained in the presence of a modifying additive differed from those of the initial PMP, i.e. unmodified PMP ( Table 1) .
Electron microscopy was used for morphological studies of modified PMP obtained under laboratory conditions and the initial PMP. Studies of the morphology of the specimens were carried out on a Tesla BS-300 scanning electron microscope (the Czech Republic) with a resolution of 10 nm (100 Å) in a secondary electron regime with an accelerating voltage of 9-17 kV. The specimens were coated with a 30 nm thick layer of gold and fastened by a holder. Micrographs were taken on negative photographic film at magnifications of ×50-100 000.
Analysis of the micrographs obtained made it possible to draw the following conclusion: in the presence of modifying organosilicon additives OMCTS and TMSPS, particles of different morphology are formed in the reaction medium, and here different modifying additives have different effects on the appearance, size, and structure of the polymer particles formed.
Particles of PMP produced in the absence of modifiers have a round inhomogeneous surface and contain a large number of coarse cracks joined by fibres (Figure 1a-c) .
The fibres have a fibrillar structure with a minimum size of the fibrils of the order of 1000 Å. Presumably, the fibres were formed during the formation and growth of polymer particles in the process of synthesis.
PMP particles produced in the presence of OMCTS differ substantially in morphology from those examined above (Figure 2a-c) . Thus, particles of modified PMP have a more even surface, and the number and size of the fibres are much smaller. In this case, the fibres sooner resemble the interfaces of planes rather than cracks in the body of the particle. There are no cracks in the body of the particles.
The structure of the planes of PMP modified with OMCTS consists of the finest close-packed grains with a size of 150-250 nm in the case of 3% OMCTS (Figure 2d) . In the case of the unmodified polymer, no granularity of the structure is observed (see Figure 1) .
In studying the nature of the granularity of PMP modified with 1% OMCTS (Figure 3a-c structure. The size of the structural units amounts to 150-3000 µm. These sphere-like particles in turn consist of agglomerates of finer particles and individual globules (Figure 4b and c) .
The differences in the morphology of particles formed in the presence of modifying additives seem to be due to a considerable reduction in surface tension at the polymer/ reaction medium boundary. This could be the reason for the formation of a fine-grained globular structure and, consequently, the absence of fibres and cracks in the body of the particle.
When liquid organosilicon products are added to the reaction medium, the growing front of the near-surface structure most probably does not undergo surface tension and possesses greater mobility at the polymer/solvent phase boundary.
The revealed morphological features of the obtained products of poly-4-methyl-1-pentene synthesis helped us in our attempt to explain their different resistance to thermo-oxidative degradation. In the case of the modified specimens, the induction periods, for which the time corresponding to the absorption of 0.1 mol O 2 /kg is nominally adopted, decrease, and the oxidation rates increase. This is particularly clear at temperatures of 130 and 140°C. With increase in temperature, this dependence decreases and is gradually smoothed out, and at a temperature above 180°C the kinetic curves for all polymer specimens merge into one line. With increase in temperature, the maximum oxidation rates increase, and the induction periods decrease. The differences in the induction periods of the initial and modified specimens decrease with increase in temperature. In PMP specimens synthesised in the presence of modifying additives OMCTS and TMSPS, slowing down of the oxidation process is observed: besides increase in the induction periods, at the initial stage of oxidation there is a reduction in the oxygen absorption rate, and this reduction is greater the lower the test temeprature.
These results to some degree coincide with data on the thermal stability of specimens that were obtained by differential thermal analysis (DTA) ( Table 2 ). 180°C (1-3) , 150°C (4-6), 140°C (7) (8) (9) , and 130°C (10-12) synthesised without additives (1, 4, 7, 10) and in presence of 1 wt.% OMCTS (2, 5, 8, 11 ) and 1 wt.% TMSPS (3, 6, 9, 12) The relationships obtained can be explained from positions of Shlyapnikov's "zone model" [3] . According to this model, the oxidation process proceeds in so-called "microreactors" which are defects of the supermolecular structures, defective crystals, and defective conformations in disordered zones. Bearing in mind the fact that the heterogeneous modifying additive is localised at these very points, blocking them, it becomes obvious that the number of such "microreactors" should be considerably smaller. In the case of the modification of TMSPS, the effect of thermal stability is enhanced since, through the inhibiting action of the phenyl nuclei, phenyl can exhibit the properties of an antioxidant, slowing down the process of hydroperoxide accumulation. The oxidation reaction zones themselves become "partitions" isolated from one another and created by the modifiers, which makes it difficult for processes of oxidation to propagate to neighbouring areas.
Taking into account the data from studying the morphology of PMP particles by means of electron microscope, it can be concluded that the diffusion rate of oxygen is higher in unmodified specimens, since these particles contain a large number or cracks and fibres enabling oxygen to penetrate freely into the interior of particles. The denser surface structure of particles of modified PMP, with no cracks or fibres, slows down and limits the penetration of oxygen into the close-packed globular structures. (No date given)
